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Abstract 



PROBLEM TO BE SOLVED: To provide a semiconductor magnetic substance, having a flat-band structure by 
forming a quantum stream, while using semiconductor manufacturing technology and growing technology. 
SOLUTION: This magnetic substance Is formed by making electrons movable between adjacent quantum dots and 
including the flat-band structure, in which energy diffusion of electrons hardly depends on wave number, in an 
electron energy band by locating the semiconductor quantum dots, with which the area of high energy potential is 
formed around the periphery and the electrons are contained, on grid points. 
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[it*]i2] Hfiie¥#i*fiTK'yhii. m.^^^<D^m:^^z^^m^ (D^^l^±lzw^m^tltz^^ (D«^K>vh<t, it 

|g1(35»^K>yh<D:fefii||cfj:y. 0(D^2(Da^K>yKA<lll <75M^=-F-yh<D±fiiJ(r^Ci)J:5(c-;:^7cfl*JlciHaL 

*m^A<i^i!l-e#'5)^|pl*2K*L, H(fIB— 0(©*(4<D||1 (DST-K-yK<D±fiiJi:afli<02«A<, mti—oOim^iD 

— 0(D^2<75*TK'yh<73Sil9a)1^$tBfrBB— 0<D*i4(©^»3— 0<D^2<Dad=-K'yh(DTfi<<©1^ 
-o<75#i±(Dmi<oa^K<yh<OT«5tSfiiJ<7)2fitA<, :£Kiy(D*(i(Dm2©a^K'vh<D:&fiiJ<7>ie^ 

<7>|g2<7>a^K'V^•(D-h^|lJ<D1^t^S•o^?tt^ suie— OCD^iScD— •D(Dm2(;)a^K'yh(D:6ft!l<Die*<tiB!|ya)* 

iM.<Dm-\ <7)fi^FK-vh<D:fcfliJ<7)H$i:SK^$H, HtFlB— D(D*<4(Dt-5-orom2a)«^K>yha)±fi9(7>1 KA<-tB^y 

(7)Eiii^s^tit3c-r-5m2(DH^i&^^a)i^ss^icfe^m2<D»^^±icafia$*tfcm2<Da^K>vht,^^tc<t 

[l**«6l H^^iB¥^^*a^=■K•;/h(*, —'0<Dm^ (Dm^\^':>ht--o<Dm2(Dm=?-f':j\-^\ — o<Dm2(DS^=-h'V^•*^ 
Hi <oa^K>:^h<DJifliJI=^i:y, :5CDm2(Da^K-;/h*<ISl cdS^ K-yh<75TftiJlc^t^J:5l~=2fe7c6*JlciBSL 

[if *«7] |gl <DaTK-yH*a^K-yKra^mT-*<i^li|-ei?-5^lSl^4fe*L. Sl2<7)a^K>vhl*#>57a^-K'vhfeT 

^mWmmX'^^:^\p^t:^ «t^L. «tr8B-O(D*i40DSIl a>a^K«yh<Z)-hfiStTllfl52tt/)<. S&IB— 0(D*{4(75 

m2a5a^K-vhB(DTtJ0?ltttMB— 0<D*fi(D|g2(Da^K«yh<D±ffi9<Dlft<kSS-&**l, aijffi— 

1 a)a-=f-K>:/h<7)^{|iJa)1 K7!)<, *^y(D^<i<D|gl (Da^=•K•vh<D*^|lJ(D1 ^iriS-o**!.. B&tB— 0©#te(©ll1 (D 

a^ K-y K<73 <D 1 ^7!)<* ^ y <7) ^i4<D m 1 M^=- h<75 £ft9 <D 1 «t irlS^^tt-S cfc^ l~ 

!lS^$*tfcCi:$iN^^<!:-r-&»^«6|B«<75^#<*i»14tt:o 

[|f*]l8] HfilE¥»M^K-yKI*, =ft}f^*&^*lifctt55*S^(D3SM^lcfe-i>l|l<D^S^^-hl-iBa$*ty-=mi 

(DM^K-vKt, =ft^^^s^*y■cli^t3S^s^<Das^lcfc^m2<7)^§^•^Jllcifis$tifcm2(»a^^*■vh<i:.1&^t;- 
<^:^!|#lat•r-&ti*«1 IBit<7>¥#i*«BE14«:o 
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3i:^^*^^^^03^M^<D'^'PB^^lc&^m2fl)^&^^±lci^a^FtLfcm2a)»^K'vhi:, ^■^t::it^n^iii-hm 

#>*a^K'^hrBl^«^A^!^il]-e^-S>:^l^n^2:K^-ri)m2<D»^K'vhHO^ = J:fe7c6tl(ziBfiLT-o<D#<5i^^ 

[iil^«13] grie— 305mfi:<OlSl<O»?-K->h<O3«EA<, HuE-O<7)*ii(7)-O0)m2a5a^=^K'yKD1«^i:BillB 
— -^CD^ecDto— 0<D^2(DfiTK*vh01 StltrlB— O<D*^(0*e>lct,5— 0(DSg2<D»^h*'yh<D1 
tu. BtriB--3(?5*(i<^Ml <Da^K>vh^y(D3«A<. — oa>»y<D*<4<DlS2<DS^K':/ha^ 
*i4<Dm2CDfi-7-K-yh<D 1 0(D^y (D#i4CDSl2<Dfi^K'i'h<D1 ^<»:ie-&$tl.-i><fc5l-s Hi , B2 

0a^=-K-vhA<H;j^7cWlciig^$tt^=Zi:^iHJISi:-r-Sif*«12HBa(O4^#i*:^'ttt*:o 

1(Dmi^^§^^SL^Sl^<D:^[£l-t?lt3ct--i>ll2(75]»i^^#^<OilSffi^lcfc§m2(;)1S^^±lCiBa^tlfc^ 
K'vh<!:. ^#tC<h^i^lS<!:-r^fS*3l1 iBi^(D¥»^*^^14^^:o 

[H 1 5] mrIE¥#i*s^K-vhl*, »^K>;/KrBl^«^*<^ib-e#-5:^lS]^4«fc*-r-5mi (DM^K-yh-oi:. 
#^fi^K->hFBl$-m^A<^lS-e^-5:^|fil$-lfe^t"-5ll2(Dfi^=-K>yh— o^HJ^TcMfciEaUT— o<D#{u^}^ 

[IS*«16] luSB— 0<7)*i4a)||1(7)a^K-vh<D2S7b^ H^IB— oajm^O)— 0<;)||2(Da^K-vh(D1^tMaB 

-o<D^'a<ot^-o<Dii2(Da^K-vK<Distse^*^x, HttB-o<Dm^i(DHia5a^K-vh^ya)2feA^ -"^ 
<z)P?iya)*'e<7)iii (oa^K'yhcDi ':^<oBsy<D#^(7)iii <DaTK«yK7)i ^t^a^^+v-ajz^ic, mi , s 

2<Da^K'yhA<=?)57cWlc<S^$ttf=^t*4#ISt-rSlf*3Si5SB«i<D^3l<*IKtttt, 

[iS*]I17] BfFlB##^*aTK'yhli. A^lfl^*fcl*!!$<©m»^a)SEMjSl=&*Hl 0)*&^jSJ:lciBa^?Hf=lll 
(Da^K-yht. Afti^^l±tc!tf(Dm^S^<D3^M;S(7)4'FBl^lcfe-5m2(D^§T-jSJilcEa$tLf=m2(Da^K«yht 

[|f*]Sl8] HuSB^SMd^-K-vhli, -OOJlgl <Da^-K'yhi:-o<Dlg2(Da^K-vh^. — 0(0^2 (75 BTh-vh 
A<l|1 (Oa^^K>yh<DSTfiiJlc7jfy , t,-5— 3a)m2(7)a^K«vh*^lll (7)a^=-K'vh<D:feTfiiJI::^£-S)J:5lc-;:^7cfi*Jlc 
lEaLr-0(D*{4^}^l«L, S*^^^SS!J®®WWlc^^Ct>1*T^i*«^^fl^fi!c-r-S.J;pl-iBa$n 
i^lSctf -SW^Jll 7lB®<D¥#(*ai±<*o 

[If ^311 9] mi cDa^K«yhl**^K-vhFBl*«TA<^»i-x?*'i):^|fi]^3«iWL. m2(Dm.=?-\^vHt^^M=f-\^vh 
m^nW^mx^^:fj\^t:2i&.mL. IuIB— 0(Dm<i<Dmi a)a^K«yh(7)2KA^ HtriB-o<D^e<Dt>i:-0(;)m 
2(;5aTK>:/h<7)1 ^tflK— 0<Z)*{4(D4,a— 0(Dm2(7)m^ K<vh<7)1 ^.tSS-a 
^=-K'Vha)Siy(7)1 0<Dll^y<D^i4<Dm2(Da^K>;'h<7)1 «t<ti|g-^$+t, MIB— o<© 

K«vh(0Siy<D1«fe)!i<t,d— O<0P?iy(»*f4(^mi<73a^K>yhcDlKt«S^^*L. ButB— ocD#{4 

a^K'vha)«y<Di «i*<^^ic^,3--305i»y (D*<4(Dmi <©a^^K>vh<D 1 «^tsis^$4x-s,^oic, mi . ^ 

K'vhA<-*5cWlcJie^^nf=Ct^1t«i:-r*if^^18SBaa>^ae<*ai14(*o 

im^mzol BufB^^i^a^K^;/!-!*, *=fy!Ka>i^i*:«Ji£lcfcl+* = ^U^*&^<D35ll^lcfc^t&^^JilcaBfi$ 
ttfcfi^K-yh^#t;C<t^i^^,!:^^l«*«1HEit<D¥^»:«14«:o 

[if ^^3121 ] BulB¥Si*a^ K'vhii, Ho<7)fi^K-:^h^, Hi <DaT-K>yhA<m2(7>a^K»vh<DaTffllHc/d:y, ms 
CDa^K«vhA<m2<Da^K'yh(;?:STfflll::^C'i)J:5l^— J5^7cfl*)lciBBLT— 0(D*{i$-}^jS sS^ii^^SfeiiS 
W6<](ca^^t.1±T^i*i^fiE^}i^J5£-r•Sctal^iaa*HTL^'i>zt$^fi!ti:t■•Slf*^20fBK(D¥*^ 
[Ifi^3l22] =&aTK'Vh(ia^K>vhrBl^»^A<^l!!T'#^:^fRl$4«^L, HUlB— oa)#{4<7)mi (Da^K-vhO) 
2S36<.MiS— 0CDmii(Dm2<Da^K';/h<Dltt<tHUlB— 0(D#<4<;)m3(Da^K-;/h(D1^$t^ BUSB— O 

<D#^4<Dm2(7)a^=-K'vH(D2K*^.MfB— O<D*i405m3<DaTK-yh(D1^^:BflfB— 0(D#ii<D 
(DUiirlS^^ti. HtIlB-0(75*f4(Dm3(DaTK'vh<;52:KA<. MlB— DCD^iiCDlgl (Di^ K-yh<D1 fti:BlJB^— 
0(7)#^i(Dm2(7)a^=■K•vh<7)1 ^t^^^^F+t. #a^K>yKCDay<D2KA<-o<DB?yO#1i(Da^K'vh<D 

5— 0<7)BSy(D*'(ii(Dm^K^yh<7)lfttlS'B**t-6J;5l-,a^K'VhA<— J^TC&^I-^ 
]^2 1 SiS<D^^^^1^ i^^o 

[if *]S23] frHB^ae<*:a^K«yha)#>!7A^ 1 -i-y;*— h;i/*®x'S:t^K-yhmS^=&-r'S)Ci^!^ISi:f -Slf *^1 

aBi8<Diti®<*«1t{*o _ 

[» *ja24] ButB^^tt:a^K-yh*<s 1 ~2:^yy-N^a)K•y^>raffi!8t1?i^a^F*^.■CL^-5c:<k^!^fi^i:•r-S)rt*«1 

iB«cD^Si*iltt<*o 

[if*]l25l MIB¥»^*«^K•vhA^^^SlJ^lii7b<Bl^I^^*tt=^(z|i;1!lWffi^i:«a«taJa^*»^t-i»^^ 



PIIB/<i:|ftQS 
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[0001 ] 
[0002] 

Sl^i£<Dlfe^1±A<Sl^ci:^^if.«>!^^^SIjfi:^p^rxJl<D^1Si^A^•#^•r'5fc^^). hvi/vx^-ajck^^cLSiaaiJi 

[0004]-5S.:?^'yh/N*>K«3g*fflt^T»tt(*^f^S!LJ:5i:-r-SaMMaigA«&ofco:7^-vh/<>K«3ttl*, 
«^(Dx^.^^^-^^•ifeA<jfi^|»«c#tt$(^i:A/i:*m=^i:t^/^*>K«j£<DCi:T♦a&■5o 

[ooo5]-^ic. mm,LtzJi^^)\^=^-m.mzm^t:Mtb^m-^. s^^x^^^u^^?— $»Lj:5tL-rxe>^itj**f= 

[0006]:7^'yh/'^>K(D<t5^i:^i•Sfe<D^El^(0*y^il<D3tL^)^lcm^^lS^^)-Sti•&|CX 

[0007]LA^L.t6P)lit!j^^T'^U^»<l^l-SSE^^-P>4SSf^ffl^iS^-r'5^ft*^<<Cififtl*fi^^Tfcy.C(D 

l:f=JE5t^^t^■s:^^T^^J^i:L^^:iEL<^^J^•r^zi:li-e^^^75^■of=c 

[0009lL*NL.7^«vh/<>KA<ll^t'-5<fe5'Ec#lS*llllS(-AxMlc^fiKLfcy./h$t^lS^-*lSttiayicM^ 

[0010] _ ^ 

[^B«7b<jSj?iLJ:^<!:-r-&PS]-(D«llc. ^^*<D#M7cmA^t)^i:-5)^l'tti*l*BeE#co¥ai^*LSI:^o^rXt<DiBll^t± 

[001 2]^tr, 1^£3fc<7)a'^it*l*V>:;^>•V''^PA^i:i*<7)=S#!^M$•^^-el^^^i^A<&y, Ai*-^:gft^CDS»W 

fi£-r-&CtlcJ:y,7^'vK/'?>K«jg^}^-3##(*«ttti*^^tt-r--l)-<!:*aWi-r-So 
[0014] 

[001 5]*fc. **lBTMi, Bfrifi*«»M^K-:/h(*. ie3S1#^a)3S^^l-ifc-5Si <7>t&^ j^±irES^*T,f=mi a> 

[001 6]$f=, :^%mxit. Hfiie#«i*M^K':^hli, -00)^1 (Da^K'yhi:--0(Dll2(DfiT-h'yh^, 
2(Dm^h*-:/hA^*lll (Dfi?-K>vh(7)^fiijlc^f y, o<D||2(7>a^h*'yh7!)^lll <DS^K'Vh<0±tJlC7Ef'i>J:5l-— 

'&>!7S^^K•y^•^B^^«^ 7!)<^i!i-c#-i>?3 i6i$-2S*L. BtiiB— D<7)#^ia)mi a)»TK-vh(o±flyi*<iya)2SA<, bu 

«*<:&Bly<D*(i(0^1 a)fi^-K'vh<D£«(D1 miB— O<0*i4<Dt-5-O(Dtg2<^ 

0)1 S*«±.i?|y(D#{i05lll 05M^K»vha)TfiiJ<Dl «fei:ilS^^ti.SJ:3l-. ^1 s ie2<D«^K'>hA<!B^^FnfcCi: 

[001 amtz. *SI0^-eii, B^f^#^^*a^F■K«;;hl±> lgl (DlfilSft^-hlca&i»^1 <0»^^±l:iiBS$*tfcl|1 
K<vh<>:. mi <DIl^Sl1S^<hm3c-r-S)m2<7)i£|l1§^(DiSlS^lcfcSm2<D<S^^±lcEiS$tty:ll2<Z)S^K«:' 

[0019]*fc.*^BjT?li. HfilE#^i*:«^K':/hl*, -0(7)^1 <Da:T-K>vhi:-0<75m2<7)S^K>vh^. —o<7)^ 
2(7)fi^K'Vh-A<Bl <DS^K':;h(0±ftiJlC75cy . ti^— 0(Dm2(D*T-K«>hJb<l|l <DS^K»vh<DTfiiJIC7^ci).i;dl— 

[0020]*t=, :^^mx-lt. Hi a>»^K'vh-(*S:?-K'yhrBl^«^A<^ibT'#^^lS]^4fifc^L. Ig2a)*^=-K'yhli 
=&>!7»^K«;/l>rBl^«Wi^lllT'#^^lRj^l «tWL, 8uIB— 3<7)mii<7)mi <7)M^ K^:;h<D-hfiiJ<tTfiiJa>2«feA^ BU 
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[0021 *II?BTM±, MlB¥S<*fi^K-vh(±, =^UK»^*l*t=lt3Sft^<Z)3^Millcfc^|gl (©ifft^iSi 
iciHg^+vfrHi ajS^K-vht. =^}^1§^*fcl*il:351t^<Daffi^lcfc.i,S2(D<S^ji5±iraB«^ti-f=m2<Da^ 

[0022]*^=, :^mMX'lt. BtrlB#»t*:»^K>;/Hli. »^K-vhPBl^«^ A<^illT'^^:^lR]^4«*-r'2>mi CDS^ 

[0023]*fr. :*;f|B^T'li. BUia— ^<D#<i(Dlll <D»^K'yh<752e^7b<. msi—'0(DmiiL<D—O(D$^2<Dm^i^^:;b- 
(D^^t^i\t^—^0<Dmit(DiJ5—•0<D^2<Dm^f^'J^•<D^^t^■^^i|^.^iit^^ 

roa^K-vhi:, ji^i*»^o?3SMjS<7)4'FBl^lc&-5^2<C^ft^^±lci3S$+ufc^2a)S^K*:/ht, ^^t?cit* 

[0025]*fc, BuS^t£^tt:*^K-vhl±, fi^K-vhra*S^*<i^i!l-e#*:^lRl*6tt*-r'Slgl <D«^ 

h*'yh-ot,#>!?S^K«yhrBl^m^j&<^lftT#<5^|Sj^2:S*-r'5^2(0»K*:;h=o$=J^7cWlciBgLT-o 

[0026]^f=. *f|BjT?li, mflB— 0<75*{4(Dmi (Dm^K'Vh<D3«A<. MIB— D<Dm^(D— oa)||2<;?S^h*'y h 
(OiKchfflIB— 0(D*i4(D*,5— 0<Dl|2<;3a^K'vh(DlKi:MlB— 0(D*{4<75$:t)(c=fc5— 0(^ll2(DS 

5--^<75l?Sy(D*^i(Dm2<7)«^=^K>yh<D1^$,t*P>lc^,5--^a)l?^y<D^^i(Dl|2<D»^K•:/h<D^S 

mi , m2<Da^K>:/hA<=J)U7c6«Jlc|S^$tlf=C«!:^1^S![<b-r-5o 
[0027]*fc, *fg0^Tli. BJiiB##t*:»^^K':/hli, Hi (Dlti^*&^±lcfe-S>|gl a?*§^^±lciEa^+T.fcmi <D 

K-vht. mi <Dit^sl^ft^^st^st^<7):^lfi]■^m3^•r'5m2(Dm^nt^a)esaffl^^cfe-5m2a)^t^^±lciBa$ 

[0028]*^=. *f|0^-eii, HfflB¥«tt:a^K-vhl±. «^K'yhrBl^m^7b<i^l!lT'#-S^iai^4«^-r'g)mi 
K';'h-ot,=&>!7«^K'yhrBl*«^A«^iST?#*^l^0^i«t^r*m2a5g^-K':/h-O$=j;?7cW(ciBaur-o 

[0029]*fc, BuS-O<0m&(0mi <Dfi^K-yKD2:KA^ H&IE-O<0*&(7)-oa)m2<DS^K-yh 

(01 tttWiS-0<0*&(Dt5— O<DSe2<0*^FK»yh(D1 MlB-'D<D#i4(Dmi (Oa^K^^ 

2:fefeA<. -0(7)^y<D#ii<7)mi <Da?-K-yh<D1^i:t5-o<D^y<7)#{i<©mi <Dfi^-K'vK(Dlfet^ 

mmt^^fzm^<Dm=F^^':Jht.:fKnmmttzm<Dm^^<D^m:^<D^m^\zSi^m2(D^^^±\zmm.t^titzm2 

[0031 *f|0Jt:(*, BiiIB¥^i*:S^ K>:/h(i, —00)^1 <©M^K'vh<t—0<Dm2<Da^K-vh^, — 3<D|g 

2(7)M^ K-;;h7b<mi (7)a^K'vh(D«Tffl!ll=^cy , 0(Dm2OTa^=^K>vhA<mi (DS^K-^hOSTfliJl-'Jc^cfc-p 
l==?557cW(ciBaLT— o<7)m^i^fl^fi)tU S*ii^^ll»<iS«Sfl<llcji^ce>-t±-C^ft:fll^^M-r-S«fe-5I^SB«* 
;h,TLvi)Zi:$!^tSi:-r'So 

[0032]*y-=. *flBJ-ei*, Hi <DM^-K-vKi±«^K>;/hrBl^m^A^*^SiT-^'S:^ifii^3«^L, m2a)*^K«yhii 
#'«7fi^-K>:/hrBl^m^^;^<^l!it?^*:^|n|^2<J=&L. MfB— Da)#iia)mi a)S^K-vh<D2«A<. ffiiB— oro^fi 
a)l>to<Dm2(©a^K-:;h<D 1 etr^S-O(©#^a<0*3-o<Dm2(Da^=■K•:/h<D 1 

&<^mi<oa^K'vh(D«y(Difejb«-o<DKy<D#(i<om2<DgTK'vh<oi«t«a^$+i,ifriB-o<D^fa<D--^ 
-'o<Df^2<Dm^^^vb<Dm^)<D^m<^^\zt5—^o<Dm^)(Dm^<o^^^<Dm=f■M<D^^tm■B^^^ 

[0033]*/=. ^fgB^-eii, BtrfB¥»i*:«^K>:/hi*, tizijiVi(D±Wm!^iztiif^ = nm^^<D^m:Miz^^^^ 

^±{zmm.^titzm.i-f^'jh^-^t^zt^^$$Lft^o 

[0034]*fc. **BJ-eii. B«lB¥»i*:a^K^vhli. =0(Da^=^K':/h^, mi <DaTK-:/hA<m2(Da^K«vh<D^T 
ffl|J(c^£y^m3<75a^K>yh*^'m2<7)a^K'vh<D:&TfilJ(c^E^J:5l::-^*:7cMlziEaLT— 

<±^«IS<@SWWlca^Ct>i±T^t$:«J?E^ff^J?£-r'&cfc^lciBS^ttTL^-Sc:i^!^ISt-r-So 

[0035]*f=, *f|B^-c?li, #a^=■K'7hlia^K■vhrB1$«^^A<i^i!lt?^-S^|fil^4^^*L. mt^—o<Dm^(Dm^ 

a>m^\^^:f^'O2i&t<.mU-'0<Dmit<D^2<Dm=F^^-J\'O^^tmti-'^<Dmi^L<D^ 

ix. IfrIB— 0(75#{4cDm2(Dm^K'Vha)2KA<, HiTlB— 0<7)mffi:a>m3(Dm^K>vha)1 StMIB— OCD^ijiKDmi 
<7)a^K'>h<Z)m.t$S^$;a. MlB— 3(D#i4<Dm3(Da^K'Vh<;)2S7!)<. stlfB— 0<D*ea>mi roa^K'vKCDI 

«i:BufB-0(Z)*(i<7)m2(7)a^K-vh<DlSi:iiS^$;h,,#aWvh<Dgiy<D2€tA<-0(Dl«iy(Z)miiO 

[0036]*fc, *l6Wt?l*. «(rlS¥«i*:a^K-vh<D«->!7A^ 1:>->'y-K;^^®^^i:l^K•>^i£g^^■r■2.C<b^!^«fc 
[0037]*f=, *|gBji?|i, BtiiB#^t*:a^^K>:/h7b^ 1 ~2:^y>— h;KDK•:/h^B^56^■ei^S^^^rL^^Zi:^!^ISi: 
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mc^i,tb^tlf:^t^^ a>M^-K«yh$-iBeL. Sl2a)^6^F•Ja±(c, SHI=x*;u^— 7KT•>v^^K7)^L^^Ja*<^^fi^$*t 

0HiJBB^^A«i^lbT?^'5:^|fil<Do*>2«li,fc<Ofc(DSiJ<Dl&ie^2(Dg^K«yh<DWIBmiF*^^ 

1 felciS^LT, HulEISl (Dfi^K«vH 0i:WS^2a)fi^K«yh20|cJ;Smfe*jSL, MEIgl <Dfi^K-:/KZ)irS 

«^*<^i!iT-^-i):^(S](D5*.^y2lSi*. fc(7)fc<7)HuIB#ii^^t-SiJ<©#ii<7)HtrM2(D»^K'yha)lirtH«Tjb« 
^lb-^-^-l>:*rifi]<75o*>i«i^i^-&L, MB20(D^2(7)«^K-yh(DH&feB^3!)<^i!i-T?#-i):^[fi]a)F«?*5a)fca)a)liyi 

[0042]Z*tl*, mv^^mi-^±i^Wi1kXh^).m^lt. mmiZ7ik-t^5lZ. mi (DM^K-vKA, SS2C0«TK'VhB 
^, Bg^— ^7cfl<J(CiB5iJLfct<7)t;-&y,±lBlll</)S-?-K'VhAli±T:£^lC4fe*=^L, ±lfil|2(7)a^K'VhBi , 

B2f*±T(c2«E^*rL, Ctit>mia)a^K':;hAi:ll2(DS^K'yhB-,. Bg-^— 0(D#<4^1ifi£L, ^1 (OS^K^vh 

«t7!)<SiJ(D#fi^'{i:-ril2(Z)«^K->hB^, BgO^lftiriK^U, ll2a)*^K':;KBi . B2<D3Sy(Z)i«fc;b«SiJ(0#<i^3Ec 
f «i <D«^K-vhA(D:fetTa)2K<tilS^Lf=4,<D-e*)-l)o 

[0043]*fc. *^0^lc0gS«14«:J4, ±BB(c*3l^■C. l^rlB*^A<Ja»ifl<JlCJt^^orL^§Ct$^«i:-r-5o«<Jx. 

[0044]*fcs ^flBJlC^-Satti^li. -hIBIcfcL^T. HUlBlgl (Dm^\^'y\-ltmi&T\^^'Jhm(DmWnWiX^^ 

:&|fi]^6:fe*L, frIBm2<D*^K-vh(4HUlB«^ K>yhPBl<Dm^ A<^il)-t:^-i):^|fi]^2^^L, MiBmi (DR^i^vh 

<»MSBmW^aT-^i):^[fil(D5*.3*tli,fc<Dfc<DSiJ(DMBI|2(DM^K>vh<7)BfrlB«W^^ 

1 *^ir3lS-&LT. lulBmi <DSTK-vh1 •otBfiiBll20S^K'yh3o(cJ:-5^<i^i?EL. flftlBmi <D»^K'>ha)BUlB 

m^A^^i!lt?#'&:^l^(7)^*>^y3^l4, fc(Dfc<DHtltB*{i^fi£t'Bll<73#iiCDmiBm2CDaTK-yh<DBUlB«W 

^KT?#-S^|6]<755*. 1 fel^^-a-L. B&IB30(7)S2(7)aT•K•yhCDmSBm^*^*^i^lT'^-S):>3 

fc<Dte<D BtriB*{ii&^t-S«<o*(ia>BfliBmi <Da^=-K-vh<7)MEmW^IS^^ 

[oo45]^tLi4, m5^^m^^±i^m-^xh^j.mx[t. mmizTj^-rj^oi-. n^ (dm^ K«yh, m2a)«^K-vh^= 

2)j3cfl*IlciB5iJLfct.<0-CS5y, ±13^1 (7)S^K'yhl4-tTBti^:£*lc6«$*L, ±lBm2a)S^K«yhl42fe^* 
L. c*ic,|gi <7>S^K-:;hi otm2(DfiTK'yh3-o-e*{s![*/d:Lyi*,<D-^fe-5„ 

[0046]*fc, *ieMlc0g-SiK14«:l4, -taHlcfcl^T, H^^Be*^4A<S»lWlril^^oTl^-i>Ct^^tl»^■r-5o•e"J^ 

[0047]^fc, :^mmizmi^m^mt. ±mzm^X. ^^SUm^ <D»?-K'vhl±HuiB»^K-yHPBl<D«^jb<^i!l-e€?-6 
:^[fi]$4K*L. BUlBm2<75M^K-yhl4milBi^K'>hPBl(Dm^ A<^MlT#^:^|fi]*lfe*L, flffimi OS^K^yh 
<DHfriBm^*^*^»T'^-5)^rS]<7)pq(D2:Kli. fca)fc(DSiJ<7DffiiBm2(75fi^K'yh(;5BUlB«^jb<^ib-e#-5^|S]|c^ 
^UT. ftriBmi oja^K-vhi 0,hmriEm2(;5*^K>yh20lCj;^*<i^J*L. HUSBmi 0^ 
lbT'^-5^lRl<DF*3(DSy<752«tl4, fc<Dfc<D Bfrtam{i^fi£-rsU<75*fi(DmriBmi (7)S^-K'vh(^) BUlBm^A^'^M 

^^y^^(Dff^<DTmz^-^LXl^^Zti'^^tT^o 

[0048]Ctl.l4, M2, M3> M4, M6, gl7^aS-r-5±{^«t^T?fey . glJ^I^. I5l|l|(c^-r J:-5lc, ±iBI|l 
K<vhl4±T:fc:felC4t$^*L, -hiBm2a)S^K'Vhlilfe^*L> Ctt€>mi <Ds^-K'vh1 otm2<0s^=-K':/h2O 

[0049]^fc, *^B^lc^-S)flStti*l*. -hta(Ct5L^T, I^FlB*iiA<SW6*Ilcjl^^■^■C^^^Ci:^!^^t1-*o <5>J^ 
IS. ^2, ll|6(-5^-riiiS$*-r'5*.(Dt?fc^o 

[005d]^fc. *fg|Blc€R-5fflt14tt:i±, ±lBlcfcLNT. m^^iiLii^'JXfmzmtji'oXl^^Zt^^m.t-t^o «>Jx. 
It. M3. B4lC^-r«tJiK^^-r-5t><Pt?fe^o 

[0051 ]$f=, :*;^IBI^«-5«B(tt(*l*, -hIBlcfcLNT. ffilB^i a)a^K'yhl4frM^K'vhB3om^;&«^i!n?#-5 
:^|S]^3^$^L. HUlBll2a)g^K*vH*KrIBfi^h*-:/hPa<Dm^ j!)<^Sft-e#^^l^*2^*L. l&IBiei a>a^K-:/h 
(DHtrtBW^A^i^ib-e^'S^[S]<7) 1^2:^14, fc<7)fc<7)SlJ<DMlBm2<Dfi^K';/h<DBirlBll^A<^i!|-C#i)*lRl05*>1 
:K|-|S^LT. frlBUl (Da^K>vh1 -btmrIBm2(75«^K'yh2-3lcJ:-5)mfe^fiEL> BUlBmi <Oa^K«yh(DffilEm 

W^WiX^^:f3lS\(Do■tbB^)^mt. fc<Dfc^(DffiiB*{i^j?E^S«<7?#{i<75MlBm2(Da^K':/h(r)HtllB«?-7b<^ 

l!)T'^'S^ini<D^T& 1 Sicig^L. HfrIB20(75m2(Da^^K•vh<Df^rIB« 

I*. fe<;)fc<;)H^[iB*fi^J^E-rs«<D*^4a5B^^IBm1<Da^=^K>vh<Dm^IBm^^*^^ 

[0052]z^^l4.M8^^^S■r•5-h^4«l^■e3&y.■glJ7tli, ±iBmi<7)a*K'yhl43^|S]|c3<$$ 
^L, ±iBm2a)a^K«yhl42«fe^^Ls cnf>lll a)a^K^;/H -3i:|g2<Z)a^-K«vh30t?#ii^7:j:Lfc4,(D-x?fc 
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[0056]:j5(7)J:7'5:'N5;Uh— Tl/^^^-So 
[0057] 

[iici] 

H = - A + S v(r-Ri ) (1) 

2m' ' 

ZC-em * lim^<7)^3aiM», v(r) liZZroK-yhcDF^Caftz-KT^^V-V^U. Ri(*K'Vh<D<iaT?fe-i)o 

■Oo 

[0059] 
[IB[2] 

Xr) = £<^(r) (2) 



Ha<*>(r) = 



2m' 



v(r) 



S>5 li, Ml(a) (b) U— ^^^t'-'U. 32 (a) (b) iC^f^KU V— ^t'^KD .feotCZSISa)— 'jfeTcK'^/h^lJ^— 3 

[0060]M^T';^<tt+^-^KIiA^:^•-^h&lJCB+^'rh<D2a^I<7)ad^S^IC:^i•(tP>t^-5>o 
[0061]CCT-ri^-<hj<t(i1t^^<ifiEt--5t&^^<DCt^*L. C(»-lcK-vh<C*iD^^*p-fri)J:-5 

[oo62]m^A<K'yh<oifi<i3^^LTfcy.B!i^-5K'vhra^mt;i^s;itA<T?#-g)t-r'&<t,^(*5tje^«i^ 

[0063]A1^--rh&t;B-y->fhlcjEt-r'§>:?P-V7^tt®l*2)?<D«*:5l::#^t)tv5, 

[0064] 
[IS3] 

1 I Ic • R 

*o.k(r) = , 2e '0(r-r«-Ri) (3) 

[0065']'/\5;Uh— T:/(1 ) IC*ff '5H*ttSlli^<0J:3(=*#^*tl-5o 

[0066] 

[Sfe4] 

*k (r) = Scn'i'n , k (r) <4) 

n 



H*fc (r) = E*k (r ) (5) 
[0067] 
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2 i k a 

t(l + e ^ ) 
[t(l*e *^ ) 



t(l + e 



- 2 



0 



^ ) 



- 2 i. k a 

t{l + e y ) 



0 





1 


s 


= E 


s ( 1 + e 


\ ) 




2 i k 

ls(l+e 


a 

" ) 


'£+2tcos(ka) 


t t' 




t 


£ 0 




t 


0 £. 



- 2 ; k B 



1 

0 



s(l+e y ) 



0 
1 



(6) 



c = E 



1+2SCOS (ka) 
s 
s 



s 


s 






1 


0 


c 


(7) 


0 


1. 







^C-eK^l/:^:7r— a^i'f*t= J" dr., (r)H„ (r+a) , S3£cyS5J'l*s= J dr„ (r)„ (r+a)T?-%-;ie>+l. 
(c-j , C3)"C«&So 



(a, 0), c 

[oo68]«/7<75?tss^«s^ts:(=fcl^Tli,a^l*J:<«t?l$H^sffiSFB^(Dm'^i:l-JW5i'^#*.^<t#J[tLf=o 

2'/cos^ (kx a) + cos'^ (k^ a) 

E = £, £-(t-£S) — — . (8) 



11281/008^ (kx a) +cos^ (ky a) 



2(€S-t) 

E = £ , e- 



2 s - c o s ( ka ) i/Z+cosMka) 



(9) 



[OO7O]01O(a)aU^1O(b){iiC(8)&i;(9)O5/<>Kig^}at^fct.O5-ea5-i»o 
[0071 ]iS^<0«^-e. x^;u^— „^4»o:7^-yh/^>h*A<}I^J5!t^HTl^'5o 

[oo72]z<D/<>KA<#^^^3ifc^*t.-i7— □>fflsf^fflA<i^i:i^-'rHcfe^m^ra<o^(c3t<fla<tt--5tsU— 

Sicj;yajgt^Siiiit-(caii*y,xe>s=( | b | - | a | )/2^t,oztA<^li$tL-5o 

[oo73]y-.5°(^^S(±is^6*j(c]it^i3iiE0j$Hfri^^ic-^w-MW^ft(DTfeya^<-:5A^a)^l^A^^^ 

[0074]*-r, 7^-vh/<>K7b<J^JS*+V^^#(*. #«t*:K'Vhlcfca^T(1)=am(7)glJ^&^A^P>^i:^A (2)Sm^P«3 
(c#^ti.'&K>vH(7)IS7bWcfy. (3)M3^C^SiJ^S^(-at--5^y^5-0(DK-vhrBl^«dF*<^lb-e^'S>Ci:T;-fc.So^ 

'St>*.«^A^K'vh*)fcy¥1^3<ifcy). (5)K•:'KrtlcL^-Sl:^^B1lcJf^)■:7-□>1eSf^ffl3b^'fl!l<t, U— :^(OMlc 

ck y jg^-rsiiittA^^a-r ^ o 

[0075]*toTZ<7)jEo<D^fe#*^5llfc**t4xlf,C^-rjS/7*<*Lfc1«igJU#t--^t5S«143b<^ 
C0077]H?3iiSei3gl4«1±(D^#$*lit-jST?*fiJt'Ei:-5L,IIISl-K'yKSftJ«t-S(eic|±^iB±lcK'vh*iB5iJ^ 

[oo78]*y=, \^yhm(Dm^^nB.lt9ow^'^^aom6:i:(D^m(DnmvtJi<xt^<.*J—y<D^mt<mtz^tl^^ 

[0079]mT$-K>yhWlcFfli:2.«b^-Y!>y:^tffmT,:fc<, K-yK(DSy^ft^-^*e^#lt?®yfflt;J:5^d:ffi?^(/N-K 

[0080]^i(C, K-yh^ffifS-r -SI^MliGaAs, InAs, GalnAs, AlAs, GaAIAs(7) Jco^fUI-VlSKD^***;, Si-^SiGe 
(7)J:-5'tfIV]Bia)¥*i*, CdTe<D<fe5'tfII-VI®6(7)##^4ini:<t*(75^HA<#;^e)tv-i)o 

[0081 m^ysmizmLxit. m.W(o^mmajit$.mRUH^m'W^^mm^m^mi^^^tt)<v^^o 
[oo82]^fc. ¥«{*iSA^ye^c<, ±-^si-m-&^-^^'7-:>'^j^<D^otj:±mmm^t;tmm<Dm^Wi)m^X'^^ 

[0083]lilTlcRJi^Sfc(iJ*}^(DK'vh^f^fi6Lfc«^ro,:7^-:/h/<>Kfl|jg3b<}^J«$ti-?>«fe3'SK^^ 

[0084] 

m^1 
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ft t/£jC**f^F^y hramSi (a) ^K: 


/ hffil (R) t<Dm^ 




= 0. 1 




= 0. 2 




= 0. 3 


t /£ = 


= 0. 4 




a (A) 




a (A) 


R (A) 


a (A) 


R (A) 


a (A) 


5 0 


9 3 


5 0 


3 1 


5 0 


7 3 


5 0 


6 7 


10 0 


1 8 6 


10 0 


16 3 


10 0 


1 4 7 


10 0 


13 4 


15 0 


2 8 0 


15 0 


2 4 4 


15 0 


2 2 0 


15 0 


2 0 1 


2 0 0 


3 7 3 


2 0 0 


3 2 5 


2 0 0 


2 9 3 


2 0 0 


2 6 8 


9 ^ C\ 


*T o u 


? fv n 

Ct KM \J 


4 0 7 


2 5 0 

Ct \J 


3 6 7 


2 5 0 

fcrf 1-/ V 


3 3 4 


3 0 0 


5 5 9 


3 0 0 


4 8 8 


3 0 0 


4 4 0 


3 0 0 


4 0 1 


3 5 0 


6 5 3 


3 5 0 


5 6 9 


3 5 0 


5 13 


3 5 0 


4 6 8 


4 0 0 


7 4 6 


4 0 0 


6 5 1 


4 0 0 


5 8 6 


4 0 0 


5 3 5 


4 5 0 


8 3 9 


4 5 0 


7 3 2 


4 5 0 


6 6 0 


4 5 0 


6 0 2 


5 0 0 


9 3 2 


5 0 0 


8 14 


5 0 0 


7 3 3. 


5 0 0 


6 6 9 



I c H M t" i) t <7) i: # ^ t) *i -S „ 

[oo89]*fc.#^i*iim^(»^iii]£-v>K-;/hPt)t^i&^-sctA<^mA^oaait-ea*i»fci&,^4f>Ti^^^ 

[0090]C0[)Ci:l±M14(D^-C-p°pS-\?>#®*y<D|S]-h(co35:*<^o 

[0091] 

[oo92]$■r.*f6lBa)^K14^*:*<■€■o>s^itLr^.^i)aliWlsalcoL^Tl^i?af So 

[0095] 

H = - A + 2 v(r-Ri ) (10) 

2m* ' 



[0096]M5iLfcK'>hl::>^t"-6i^iLx— :&^i£^*255®:^^^*jilfct■i^SjI(0«tl^@^ffl^ 

So 

[0097] 

[i!»9] 

<*>(r) = £<f>(r) (11) 



Ha<p{r) = 



2in' 



A + v(r) 



JslT. Ml(a) (b) izm-t'J—y^^^ii^^ M2(a) (b) I'l^-rTK'JV— ^T^;U&i;il9IC7r-r*3V^7^;U$#^-5o 

[OO98]«WK^yh0ifi<lc^^UTfcy,l«l^-5K':/hfe1^mi;^'SCtA<T'^St-ri>t,mii!iiS^^M-ca<^ 
[0099]^^e^MMl3fet^T:?p•y7|^JK^li^)5<0«fe^lc-^x.e>^^-So 

[0100] 

[ISio] 



. k ( r ) = 



X I k • ft 

Se " ' 0(r-r<r -Ri ) 



(12) 



[01 0l"]/\5-)Uh-T>(1 0) icMf i»@*'RSH±'^a5 J:-5l-«*a^+i.'5. 
[0102] 
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10/18 ^—iy 



[!!»11] 
(r) 



Scn «J>n . k ( r ) 

n 



(13) 



H^fc ( r ) = E*k ( r ) 

[0103] 

[iai2] 



(14) 



-2ika , -2ik3^ 

t(l + e ) td-^e ) 



2 1k a 

t(l+e « ) 

2 i b d 

lt(l + e ) 



€ 

0 



0 



= E 



2 i k a 

s(l+e ^ ) 



- 2 i k 3 

s(l+e » ) 



- 2 i k 5 ^ 

s(l + e ) 



0 



2 \ k 

.s(l+e 


B 

^ ) 






0 




1 




£+2tcos (ka) 


t 


t 






1+2SCOS (ka) 


s 


s 


t 




0 


c = 


= E 


s 


1 


0 


t 


Q 








s 


0 


1. 



(15) 



(16) 



i k a 

t(l+e * ) 

i k a 



- i k a ^ 

t(l+e * ) 



- i k a , 

t(l+e y ) 

i t k - k ) a 

t(l + e * ) 



- » ( k - k ) a 

t(i+e y ) 



= E 



i k a 

* 

i W 3 



- \ k a 

s(l + e ) 



1 



- i i V. - k Id 

s(l+e 1^ ) 



-Ik a 

s(l + e ) 

i i k - k J a 

s(1^-f> y ) 



(17) 



C C X- h y > :^ y r - m ^ t = jdr0(r)H^(r+-a)s M ^ U ^ s 
= Jdr0(r)<ri(r+a)-tf ^ ;^ tL . a=(a. 0). c=(ct, C2 . cit)^'^ 



Mt+»l::fcL^Tli,ii^(i=^:<l»^i$*t-s»^as^B^a)«^ci:ya^^•^#*>^^%)tLfc„ 

[0lb4]S(i5), (16), (17)ti§aiCfi?<Zi:A<JU3l£T>@WfiII*'J— 3^^7^;U,7H'JV-^T;U,*3V^X-IH: 
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I » >' I 



E = e , £- ( t-£s ) 



(k>: a)-'-cos'' (kj^ a) 
l±2s/cos'' (k)( a) + (kv a) 



(18) 



E = e, £- 



2(es-t) 



2s-cos(ka) 1/2+005^ (ka) 



(19) 



E = £-2t, £-t(-lt/3 + 2cos(kx a)+2cos(kx a-ky a) (20) 

[0105]MlO(a). 10(b)&t/lO(c)(±SC(18), (19). (20)(3D/^>KEI^}SU^f=t,<7)-^fe-So 
[0106]MlO(a)S.i;iO(b)<DE=Jcfclt-?)E*ll:=J:y^$tl-5)iiy. SC(18), (19)<Dii^lc(ix4'-;U^— „$-^, 
037^'VhM*>KA<Jl^iS^nTfcy . *fcMlO(c) IcfcMt^E— „=2lCfcMt-i)itiiSlCj:y*$tt^ffiy. ^ 
|c(*x^.;u^— „-2t(l!iO(c)-^l±M^fet=-l<tLfc)^=t*..2i!!Sk^ky|ct&#i±r^^^ 

Coi07]'J-^, 5— ;U'y,'$'1^-^|cj:Hli\37^-vh/^>K<7>J;-5'te^^tfc<0''j:t^('3^y$iil(Dm^)^l3«^^ 
^f**PXStPXlKJ5!tSafl5^fflLNT<^fie-r-5CtA«Rrtl^c¥^i**^K':/h9JlcJ:yji^nlc*Hfc:?^^^ 

m^A<ffli:3ifep)4xf=#^<*«^K'yh^iHa-r-sc<!:icj:y. i^gLf=i^K>yhrBi*«TA<^i!iRrtg-cfey, «^ 

-5C<!:lcJ;yj^fiE$tT-^<, 

mi (Da^K>vhA(i2i4', ^11$ Atif=3tLEri-e^-r)^isaL. it32i§^05^ii^(Dcf'PBi^i^fe-i)m2(D^ST^ 

±IC, S20D»^K-vhBi . BgO"*". #^C-5a5lLEnr-*-r)$iBSL. ISH^LfcS^K^^hA. Bi (B2)Fb1^«^*^^ 

[01 1 1 1cfeySsSffllCli, @l (a) |-:^-r J:5l:i> — DOlll <©S^h*'>hAi-O<Dm2(0»TK'vhB^ , Bg^. — D<Z) 
m2(7)«d=^K'vhBi A<mi (DS^ K-;;hAa):&fii]lc^i:y . 3a)ll2(D»^K«>hB2A^lll 05»^K'yhA(7)_hfiiJlc 

[01 1 2]iP*). |g1 <©S^■K•:/^AIi«^=-K•vhrB1$«TJb<i^l!lt?#'S^|Sl^4«t*L, lg2(D«^K-vhBi , Bgli*^ 
K-vhrBl^m^A<^i!)T'^-S:*rS]^2«*L, mi a)a^K>yhA<7)JiffiiJ<bS{M(7>2«fcA<. l5li:^i4(D|g2(73fi^K 

'vhBi <D£fflj(Di «iiPicmi4(Dm2(Da^ K'vhB2<DTtj(oi :R<fcie^*+i'i)<fc3(cztLiimi , m2(7) 

^^^tT-i>o ^-LT, Ml(b) -'0(^>m■^(DW.^ (75M?-K>vhA(7)TfflJt2EfiiJ<7)2«tA<. :£Kiy<D*{i<D 

m2(D»^K>yKCD:&{iy(D1 fei:T^y(Dm^i<7)m2<Dfi^=■K'yh<D±^|lJ(D1 -0(D*fe<Dm2(Dfi^ 

K-vhBi a)=6fiiJ0!)l *feA<*IS!|ya)*fi:<Dmi a>S^K'yh<D£ffi9G)miiS^$*t. -oa>*ii<D|g2<0S^K«>hB 

2a)±#J<Dl«E;b<±l|!|y<D*{iromi<DS^^K-vh(DTfliJ<^1^<tfiS^$tL-S)cfedlc.|^S^ 

[01 1 4]M2lc;*;f6B^|c^-S,8S14**;<Dm:=i<DSI»ffi^5^-ro ^til*. mi <DiB^*&^-hl^fe^mi (D^§^^± 

ic, mi (oi^K'vhA(@(f , ^ii^Atif=5tLEp-e*-r)*ieaL, mi <Dm.m.^^tm.^^^^2<Dm.u^^<r>m^ 

iSl-fc-Sm2<0»^iS-h(r, m2(Z)fi^K-vhBi . 32(04", *>E£-5a3tLEn-C-*-r)^iBgL, BSffiLfca^K^yhA, 

Bi (B2)ra^m^*^^Sti-^^i)<fc5(::Lfc*,<D-^fe-So 

[01 1 5] J:y ifiiffllzli, M2(a) ic^f J:5I^, —'0<Dm^ <D»^K'yhAi:-oa)m2<Z)M^K'VhBT , Bg*, — 3<Z) 
m2<DM^h*-yKBi *^mi (DS^K-y hA<D±ffl9lc^cy , t,3-O<0m2©«^K-vhB2*<mi (Da^ K':/hA© 

[01 1 6]in*,, mi <7)«d=^K-vhAi±ad=^K'vhPBi^mT A^'j^i!iT:-^-i):^iPi^4^=&L. m2<DaTK-yhB^ , Bgii^s-^* 
a^K-yHFBi^mwj^i!i-e^-i>:^[S]* iKWLv mi om.^\ivvfK(n±.mtTm<D2.w. i^i:#ii(»m2(D«^K 

•yhBi <DTftl<0 1 «itPi:^<4a)m2<Dfi^h*->hB2(7)-hfi!Ja>1 «ti:IS-&$tt-5 J:ol^Ctlt>mi s m2a)a^K«:;h*« 

^S^^^t-S)., -^-LT. M2 (b) (c^-r J;5(-. -o<7)*iiomi a)a^=-K>yhA<D:fc{|y<Di «t7b<, SKytDmiitDmi (r> 
m=^-\^'yh(J>^m<D^^tm■^^i^. -'o<Dm■^<D%^ cDa^K>vhA<7)aftiJ<75iiK*<aB5ya)*ii(Dmi (oa^F-i'K 

[01 1 8]M3lc;*;fieS(c^^1»1±t*:(Z)mH<Dll!l&i^il^*-ro citii, =«j^*&^ o^S^M^lcfc-smi a)ft^;i-t 
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=f-i3^^WsX't^y^\S\^^ :KW-ri)Sg2(7>S^K-:/h— o^-:^7cWlcEilLT— :5<D#fi$J^fi6-r-5o -etr. m 0 

+1 ||1<;5S^K-vh^y<D2^A<,-0(D^y(D*ii<D^1(D*^K^yK(D1«fet^,^— -3(7)BSy<D*t4<Dlll©^ 
[O122l;i05Ji^.S^K'vhPBl$m^A<i^i!lt!^-5^|Sl*4K=&-r-5Sl<7)M^K>yl — oi. =&>t?«^K'vhrBl^« 

Wi^iJit»#-5:;^iR]^ 1 KW-r-&m2a)a^ K-yhi^o^-;j^7c&*i(=iHatx— o<D*f±^^^fi£f -So Hi 

^:f.|.^y|.02tt*<. ^C*{4<D-O<0m2a)l:TK'Vh(Dl1ii:l^i:#<i(D4»a-O<7)||2<Z)»^K>vh(D 

ti. mi <DS^ K«yh?liy <D2«feA<, -o<DBSy0D#e<7)mi <©fi^tf-yH<»l «fc<tt5-o<DB$y<^^ 
K-vh(;?l«t^SS^^ni)J:5l^.^*tf,mi,ll2a>fiTK'vhA<=?fe7cWl=^^*tt*o ^^^^^^ 

[0i24]gi5ic;^%g^iC'B^i)^tt^cDllS(7)j|]!fej^SI^^-ro zm*. S::^{*:*S^<7>XM^ic&^^i a)ft^^±. 

ic Hi <Da^K-vh(El*. ^$S$AtLfc5iLB]T'*-r)*ieEL. i£::^{*^S?-<Z)3cMjS(D4'FBlJ^l^fe-SH2<D*&^^ 

[01 25]^(DJi^. M^K'vhPBl^«^7!)^j^il)-^-#-i)?3lS)^6«^*-r i>Hl(7)«^K'vl — -^i:, '^^m^Y^yhm^n 
^*<^l!)-e^-i):^|S]^2«t^-r-5m2{75»^K>yKHO^H;^7tW|-lBaLT-0<D*{i^}^i$-r'i)o ^LT. Hi (/5 

i«tie^*H'5J:5l=, :i;h.t.mi.m2a)a^K':/hA<H?fe7cW(-^^^F*t^o 

"""" 

[o^i 27]iii6ic»%Bjiz'B^i>^gstt^(pmA(pi^]SSj^sg^^-r. cttii, mi (Disiii*&^±i=fc*mi ^.t 
ic, mi (DM^K-vho*. ^i^^ AnfcAEptj^f )*ieaLs mi (DEi^^&^^l:u^JSL^<D^lfil■T!its■^§m2 
<D^s^^§T(Di^ai;jal=fe'Sm2ro^§^^^-hlc. m2(7)a^K«:/h(Ei4',m^c-5e5ti.EriT'7ix-r)^EaL, m^Lt^m 

[Ol28]C(Dli^.»^K'vhPBl^S^A^^i!)-tr^'S):^|S]^4l$^-r-l)mia)M^h-yh-oi:. =&^»^h-vhPBl^S 
^ A<j^i!)-C^-5:^IS]*1 fe^-r-5m2(Dm^K>:/K— o^=;ji?5cfi*j|ciHaLT— ocD^ii^f^JS-r-So ^-LT. Hi (D 
j:f.(,'.yf,<;)2:KA<, 0<73m2<Dm^K'vKa)lS<i:i^i:#<i(Dti5— •^<Dm2<7)s^-K'yK<7)1^<t^-S-^ 

H mi<oa^K>vh^ya)2«fc7b^ -o(Diisy(D#{i<Dmi(D*Thj/ha)i1i«i:t5— c>(OBSya5*ii<©mi^ 

K-yhtDlStSSS^^nixtaic, z^xP,mi.m2a)«TK-yhA<=^^7cWlc^g^*tvS<, 

[01 29]@6ic^-r mr\<Dmmi&m(om^mts ±^uzmm<m^mmm(finzmtj:-otz±wmfS.t:m-r 

[oi3o]3Ei:fc\ ^s.<D^mi&t&-^f^ys(Dmmmm<D^otji=.^X7tmi^\tm^(DX^^'^mri^T'^mttj:^ m 
t^\z\:^:,h^i^mr^iSi\zitw-m±\z\i^:^h^^m-t^MiLW6fi\zmmuzy5t<ff^(DtmjLm 

^icfc-smi (D^^^±iz^ mi (Dft^K-y h (SI 4" , Anf=*.Eri-e5i-r)*iEaL, ifis»^<DasB^ic<fesm 

[01 32]C<Dlt^, #/7A<mEga)3IJ6}^S<^)«i?E;^i:-5)1ti»<^^'ltt*^-'^7t:6*Il=iBaLTUN-S)o 

[01 33]El8lC2|s:fSgBJ(C'0g-g,^'t±t$:<DmA(DSISte5^M^*f c ZUlt. A^fl^ (^<75m)*&^<7535M^IC&'5)mi O 

[01 34] J:ypSiffllcIi, P8(a) [ZTjkimolZ, — OCDmi a>a^='K'Vhi:-0(Dm2<Da^=-h-vh^, — ^0m20mJ■ 
K•vhA<m1 (Di^K-y hCDaTffiiJlCTjcy . i,o—'0<OM2(D&^\^yhi}^^^^ a)a^K'Vha)*Tayic^i:-S)J:3lc_3^7c 

[0135]BP*>,mi«>a^K'Vhl*a^K-vhra^«W^iJ)T'^'g.:^rfil^3«fe*L. m2(7)m^h^-vhl*=&>!7S^h-yh 
Pel^m^ A<i^I!lT?^'5^lRl*2a*U mi <»a^hVh<7)2SA<. HC#{4<DL^<!:0<7)m2(D«^K•yh<;)1«<t|5]l: 

*i4<Dt5-o(7)m2<DaTK-yh(Di s<tis^**t. mi <oa^K-vh<D?iy<Di tt*<-oa)i»fy<D*i4<Dm22^^ 

^=-K>vh<7>1 KtiiS^^tt, — o<7)m2<0aTK'VhO^y<D1 ^SA^ta— O<DBiy<0#ii<Dmi <oa^K«vh<D1 

^^ti, t5--3CDm2<75a^K'yh<DHy<D m7b<$?)icto-o(Di?iy(D*(i(Dmi (Da^K':/h<Di Kt^^^tt 
i,j:aic.c*it>mi,m20«^K'yh3!)^"-?^7ca*i(zi^^^ti,'So ^ ^^^^^^^ 

[01 36]M8l^*-r cfc^lc, mA<D§^»fil<7)ai±i*l*. ±^Lfc#{iA^*^gMSS8fl*Jlcm^Cofc^{*«jS^W-r 
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[01 37]g|9(c*fllB(C'ei*«tt{*:(D|gA(JDllfi&J^II^*-ro i3zijt^<D±Wmmzis[-l-^=.nm^^<D 

Ai , Ag, A3^B1^m^=■7^)<^l!|■C^-S) J:3l~Lfct<©T-fc'5„ 

[0138]J;yB¥ai(:^l*sm(a)(C*-rJ:^l-,HO(7)»^K'Vh^.-O<7)fi^K>vh;b<fc-S»a^K'yh<Da^ 

[0139]in*,. #S^-K'>H*a^K»vhra*m^A<i^S!j-r^<i)^l^*4«^=&L, #»^K«yhA-, (A2, AgXDZ^Av 
|^C#^iO)t5l^t'^(D»TK•yhA2(A3. Ai )01 ^tl^i:*i40)$f>l^4»3--^(D«^K>:;hA3(Ai . Ag)^^ 
IS^^+i. ^ *^ K'V K<© y <^ 2 :K A^— o IK y O <D »^ K>v h (D 1 S ti^ — O <D y (D 

[01 41 ]±^ELfr=§■||»Sla)«1t{*:lcfct^T, fiTK«vhra<De^ftJgl±90JgA?>l 80S3ji:i:a>4*^a)^S-CJS:< 

[01 42]$^, «^^*^^h^vhrti-fflc2.ft^^y:^tfis-e*<. mii, h^yh<©^y*s^A>ies«8-^isyHtr 

[0143]^P)I-, K>yh^1iJ5fct"-i)1^Ml*GaAs, InAs, GalnAs, AlAs, GaA\As(D^oUm-Vm(D^mW. Si^StGe 

[01 44]Mit:^i£l=MLTI±, Ea?¥(D¥#f**PXSffiS.i;fiicfiaffi*fflt^'i)Ci:*<t?^-So 
roi45l Bll lcgS^^tt;b<^3^-r-i>^^;m)g(#^|j:'y>'l^b'>K)j:K-vhItg(mi^|j::^/>-h^l^nm)<b(PBB^^^ 
AsK*vh5ii<!:SiK-vh5iJ$-ll9(7):*3aV^T;i'(::3fe'<fc^n(D/N/<— K^SMCD^^^^^-Ib^:^/^!^,*: 
CZ-eK«vhWfiiSII±hVhi£g<D1. 5f&i:<R^Lfc*<, 1 . 2^&*^&2f&^-e<DraT'!^ml*l^<!:^^: ^+?i=>''j:t^o ^1^ 
±l±, K«yhttS<»l . 0~2. 0f&<^>K':/KB^iiBM^fflL^'Si^i:*^»*H'^„ J&fc. Bg#SffitK':;hESt<©ia^li'J— 
3f^4*;U-V>7Ky"7— ^■x;U<7)S•B'C4»Mlll-*L.fc^.a)i:^5<!:^<i:Pl:.'Cfc'5o 

[0146]Mll*^^t>A^'&J;3l=^ K-yh*<!iS:J-y>-NUi:'h^F<'Si.i:MiS(300K)*®^^Sjtt:!i#'ttA<^^U 

IISS±ii. 1±y;»«-H^^M7t<j:L^K'vhlaS*ffl^^'5-tA<i^*L<, ^-o*^, i ~2i-y>-h;u^H<yhrBll 

[01471SI-. *^0^<D#si*:?i'tti*;ii, m:Ktd:m^m%m^^m±r^:iti3^'ssmx'&^omA2[Z7j^Lfz£o 

iz ll9(D*d-y^^;U(;)2;j^7cK'vl>fiJI^>^LTSlSirEPJP^?ttfcM-SIl1Klta)?S^ 

^^^^ ^^^5 

[0i48]ca)J:5lc7^>yh/\*^K1^14^*^fil^TE:*;^j:1K^tS6iSljS^f6^$-a-i»-<t 

lc^^LT*fgw<D4^^#^*^K1±<*lCckyf6^^*t-&^l^fic^3almli,lS:^^>-h-'^M(D:*;^t^^§^^B^|'ii 

[0149]*f6B^<75¥#i*«14ftlcli,iti3Si*-t?fcSC<!:(DfiJ^^*A^L^:«l^^i:JSffl«>JA^#^fet^ 

[01 50]^ixi*. jai5-t<7)=fc<7>tLTfijffl-r-sff'i. «tsiSBitaE(*jti;iBit*^-(7k¥sxi;MM)tLTfijffl-r^ 
•[01 51 m%-b>v—<D'p[zii. m^m^i^m^^\mLxmm(DX^^tm^<o:^^t^i^:s.\zu^-t?)m^^ 

[O153]*^W0¥»1*fiS14tt:li. LSI5^'v3^(;)/^S'lb•iS«a^blc:*;L^lcRM-ri)-<!:A^*tli5lE'S= 
[01 54]*f-; ¥#^*^ffl^^Tt^-l>::<!:(cJ:y , m^<D^l!)S-^^K-yh}^tt^^K.i>^.hA^*^^A^os3lS^ 

[0155]^fc,i>ya>'ti:if<©«lll'te¥^(*#lSf£ltT-iK14i**<ftmT'# 



[0iia)^#?JfIJiWl 

[@2]:*:fgB^<Z)m-a)IIJte}f^flll::^-5^'l4<*<D«fiE*7r1-ao 
[il3l3^gia^g)mH<p|g}Eif^SlC'^-5SSttff(P<iJjg^^-rBlo 
[@4]*feB^<DllEg(Dl|]teBfillc^-i)^'tti*<DlSJ«^/nf @o 
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A, A-| , Ag, Ag, 



B. 



[Ml] 




(a) 





[@5] 
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